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A. Observational Data.-In a previous paper' counts of the brighter
nebulae in the Hydra cluster were communicated. The distance of the
Hydra cluster was estimated as 7.3 X 106 parsecs and the average ap-
parent velocity of recession to be expected was given as v = 4100 km./sec.
No observations of the red shift for nebulae in the Hydra cluster were
available at the time. Dr. Hubble subsequently obtained a spectrum
plate for NGC 3309 which nebula is a member of the Hydra cluster. He
kindly informs me that the apparent velocity of recession for NGC 3309
is of the order of 3950 km./sec., a value which is in good agreement with
our original estimate.
B. The Radial Distribution of Nebulke in the Hydra Cluster.-As em-
phasized previously' the Hydra cluster exhibits spherical symmetry and
is therefore suspected to have reached a statistically stationary state. In
order to check this conclusion two additional tests are available. In the
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first place we may compare the observed radial distribution of nebulae
in the Hydra cluster with the distribution derived by Emden2 for the
bounded isothermal gravitational gas sphere and secondly we can verify
whether the ratio w:/po of the square of the dispersion in radial velocities
of the cluster nebulae to the central density po of the cluster can be cor-
rectly determined from the observed structural length or structural index
a of the cluster.3
If from the previously1 given counts in the Hydra cluster of nebulae
brighter than the apparent photographic magnitude mp = 16.2 we subtract
the nebulae which belong to the general background (1.8 nebulae per
square degree), we obtain for the average number of nebulae Nr per square
degree at various distances r from the center of the cluster the values
given in table 1.
TABLE 1
RADIAL DISTRIBUTION OF NEBULAE IN THE HYDRA CLUSTER
r IN MINUTES
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0
Column 4 gives the distances ri in the standard3 Emden isothermal gas
sphere to which the actual distances r from the center of the cluster are
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reduced through the relation r = arl. The values of D represent the
spatial densities in an infinite isothermal sphere while D - 37/1000 is
the projected density in that bounded isothermal sphere which best
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represents the radial distribution of the brighter nebulae in the Coma
cluster with which we here compare the data on the Hydra cluster. From
figure 1 we see that the properly reduced radial distributions of the Coma
cluster and of the Hydra cluster agree among themselves, as well as with
If.
3
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the theoretical curve, within the limits of statistical fluctuations to be
expected for the relatively small number of nebulae involved in the counts.
There is some indication that the values of N, for the Hydra cluster
begin to fall off from the theoretical curve at slightly smaller values of r1
than those for the Coma cluster. This checks the general expectation
that, the smaller the population of a cluster (and the higher its velocity
dispersion) the smaller should be the distance from the center of the cluster
at which the Boltzmann distribution changes over into a Smoluchowski
distribution.
The data for the Coma cluster plotted in figure 1 include the nebulae
brighter than the apparent magnitude mp = 16.6 or brighter than the
absolute magnitude Mp = -14.5 while the data for the Hydra cluster
include the nebulae brighter than the apparent magnitude mp = 16.2 or
the absolute magnitude Mp = -13.1.
C. Physical Characteristics of the Hydra Cluster.-From figure 1 we
deduce that the structural length a = r/r, for the Coma and Hydra
clusters in angular measure are 2' arc and 4' arc, respectively. Since the
distances of the two clusters are 13.8 X 106 and 7.3 X 106 parsecs, re-
spectively, we obtain for the
Coma Cluster: a = 2.48 X 1022 cm. (1)
Hydra Cluster: a = 2.56 X 1022 cm. (2)
By definition3 it is
a = (W2/127rrpo)1/ (3)
where w2 is the square of the velocity dispersion in a stationary cluster
and po is its central density. Since the velocity dispersion for the nebulae
in the Hydra cluster is not known at the present we give in table 2 values
for po in dependence of a number of values for the velocity dispersion.
TABLE 2
(W2)1/2 IN KM./SBC. Pe IN G./CM.1 A/Me
250 3.8 X 10-26 5.8 X 109
500 1.5 X 10-24 2.3 X 1010
750 3.4 X 10-24 5.2 X 1010
1000 6.0 X 10-24 9.2 X 1010
1500 1.4 X 10-23 2.1 X 1011
2000 2.4 X 10-23 3.7 X 1011
2500 3.8 X 10-23 5.8 X 1011
In column 3 are given the ratios of the average mass A of the nebulae
involved to the mass 100of the sun which correspond to the different values
of the velocity dispersion given in column 1. The method of calculation
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of the ratios JI/0go is given in another place' where it is shown that for
the same values of (w2)"/' the ratios 0/IJI0 for the Coma cluster are about
half as large as those here obtained for the Hydra cluster. Now the
nebulae included in the counts of the Coma cluster are brighter than the
absolute magnitude Mp = -14.5 while those for the Hydra cluster are
brighter than Mp = - 13.1. Therefore if the same types of nebulae are
included in the two clusters A (Coma) should be slightly larger than
^ (Hydra). This means that 2w2 (Hydra) should be slightly smaller
than w2 (Coma) or the velocity dispersion in the Hydra cluster should
be smaller than that in the Coma cluster by a factor slightly smaller than
0.7. It will be interesting to check this conclusion by an investigation
of the velocity dispersion in the Hydra cluster.
From our data we can also answer the question regarding the central
density, that is the number of nebulae, say, per cubic mega-parsec (1018
cubic parsecs) in the two clusters. It was shown in another place3 that
Po = ao/3.03a (4)
where po is either the central spatial density or the number of nebulae
per unit cube while 0 is the projected central density. From the extrapo-
lation of our counts of nebulae to the center of the two clusters we conse-
quently obtain the following results.
In the center of the Hydra cluster we obtain per cubic mega-parsec
8.7 X 105 nebulae which are brighter than the absolute magnitude M =
-13.1 while the corresponding number for the Coma cluster is 2 X 106
nebulae per cubic mega-parsec which are brighter than the absolute
magnitude M = -14.5. In comparison we mention that in the general
field the average number of nebulae in the same range of absolute magni-
tudes is less than ten per cubic mega-parsec. The number of nebulae
per unit volume in the center of the large clusters is therefore considerably
higher than even experts in nebular counts might have expected. The
high nebular density in clusters perhaps sheds some light on the remarkable
fact that large symmetrical clusters of nebulae show all of the physical
characteristics required for statistically stationary assemblies of objects
whose interactions are governed by Newton's law. The peculiar possi-
bility that these giant clusters whose elementary building stones are the
nebulae themselves should provide the first quantitative test for Emden's
results which were derived for gaseous spheres whose elementary building
stones are atoms or molecules requires of course additional and thorough
investigation.
In conclusion we mention that the clusters in Perseus, Cancer, Fornax
and Pegasus as well as some of the groups in Pisces lend themselves to the
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same analysis as that applied here to the Hydra cluster and in another
place to the Coma cluster.3
I Zwicky, F., these PROCEEDINGS, 27, 264 (1941).
2 Emden, R., Gaskugein, Teubner, Leipzig, 1907.
3 Zwicky, F., Th. von Kdrmdn Anniversary Volume, May, 1941. See also a paper on
the clustering of nebulae which is to appear shortly in the Astrophys. Journal.
